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We describe a distributed architecture for medical
informatics applications, based on the World-Wide
Web (www) environment. After discussing previous
experiences in the application of the www for med-
ical purposes, we outline the features of a Common
Lisp HTTP server designed to provide access to med-
ical informatics applications using a standard Web
browser. As an erample of application, we describe
a system for therapy planning and revision in the
field of insulin-dependent diabetes. The system per-
forms automatic data analysis and interpretation,
and provides advice on possible adjustments to the
therapeutic protocol that the patients are following,
taking advantage of the network and multimedia ca-
pabilities offered by the www for user interaction.

INTRODUCTION

From the point of view of information manage-
ment, modern medical care can be described as a
distributed collaborative activity. Care providers
must cooperate to acquire patient data or to retrieve
them from clinical data-bases, to interpret them and
to plan an appropriate treatment. Moreover, the
medical knowledge required to perform such tasks
is necessarily distributed over different information
sources and is represented using different formalisms.
Improved communication, coordination and infor-
mation sharing among the various agents involved
in medical practice are recognized as being essential
to the ability of making timely and informed deci-
sions about the patient [6].

In general, no single and isolated computer-based
system is able to perform the whole range of reason-
ing processes required by a complex medical prob-
lem. Although the diffusion of decision support sys-
tems for patient management is steadily increasing,
their usefulness can be severely limited if they are
conceived as stand-alone tools. On the contrary,
they should be able to communicate with each other
in order to exchange information, to use a variety of
different knowledge representation formalisms and
reasoning methodologies, and to interact with their

users in a simple and effective way.
The above is especially true in the case of chronic

diseases management. Chronic patients must be
kept under strict control for a very large part of their
life; chronic patients are preferably not hospitalized,
and are often required to play an active role in the
treatment of their disease. The system must there-
fore be distributed between the patient's house and
the hospital, must rely on low-cost communication
networks, and must be usable by a wide range of
users, adapting its interface to their knowledge and
skills.

In this paper, we will discuss how the use of the
Internet and, in particular, of the World-Wide Web
(www) infrastructure can provide a very effective
and low-cost foundation for a distributed clinical in-
formation system. We will then describe a special-
ized HTTP server written in the Common Lisp lan-
guage, that makes it possible to access applications
over the Internet. Finally, we will show how we are
exploiting this technology to build a distributed sys-
tem for the intelligent management of patients af-
fected by insulin-dependent diabetes mellitus.

BACKGROUND AND MOTIVATIONS

The www environment offers a set of facilities that
can be extremely useful in the design of a hospital
information system. The multimedia capabilities of
most Web browsers allow the users to access knowl-
edge and information stored under different forms.
Web browsers are usually quite easy to use, and are
therefore suitable for users categories, such as physi-
cians and patients, that are not necessarily proficient
in using computer systems. The use of the hyper-
text data structure as a high-level representation of
the resources available in a distributed environment
(such as a health care information system) makes it
easy for the user to access them without having to
be aware of their physical location.
The first experiences in the use of the www en-

vironment in a medical context have exploited its
features to provide a friendly, powerful and consis-
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tent interface to traditional hospital information sys-
tems. Examples of applications include information
sharing [1], clinical query management [5] and appli-
cation development [4] in a medical environment.

Despite their success, these experiences have high-
lighted the limitations of the basic www paradigm
when applied to tasks that are more complex than
simple document distribution. In particular, the
most common complaints regard the limitations in
user input handling, the lack of a notion of state,
the complexity of the CGI approach to application
development [8].

A SPECIALIZED HTTP SERVER FOR
DISTRIBUTED APPLICATIONS

LISPWEB is a full-featured HTTP server written
in Common Lisp and designed to distribute ap-
plications instead of simple documents over the
www [11]. The server handles GET and POST meth-
ods, forms, clickable images, dynamically generated
images, and access control. Its main feature is that
the pages it serves are not stored in "static" disk
files, but can be generated by a Lisp function when-
ever they are requested.
The server provides the application developer with

a mechanism to associate a URL with a Lisp function,
and with a library of HTML-producing Lisp forms,
that can be used in the function body. Whenever
the user requests a URL associated with a function,
the server runs it and sends the output, consisting
of HTML code, to the client browser. This eliminates
the need for external scripts, and of the associated
CGI mechanism to pass arguments to the scripts and
return the HTML page. The obvious advantages are
faster page generation, a better integration between
the application and the server environment, the abil-
ity to use the power and flexibility of the Lisp lan-
guage to define the application interface in a simple
and platform-independent way.
The LISPWEB development environment offers

high-level interfaces to the different input-handling
strategies that can be used in the www context.
The most basic form of user input is the activation
of a hyperlink to access a related document. Since
the URLS pointed to by the hyperlinks are dynam-
ically generated, they can be used to transmit ad-
ditional information to the server. More in detail,
when only a partial match can be found between
the registered URLs and the requested one, the un-
matched components of the request are passed to
the Lisp function as arguments. For example, sup-
pose the application contains a response function
called display-patient-data, and associated with
the /patient-data/ URL, that takes as arguments the

patient identifier and the desired level of detail in
the presented data. If the server were to receive a re-
quest for the /patient-data/129/high/ URL, it would
call the display-patient-datafunction with "129"
and "high" as arguments (of course, the function
that generates the URL is responsible for providing
the correct number of arguments). This technique
can be used to hold information about the appli-
cation state or the user's identity for authentication
purposes; combined with access control, this can also
be used to guarantee the security features needed
when dealing with real patient data.
A second form of user interaction is based on fill-in

forms: the user is presented with a page contain-
ing a number of controls (text fields, checkboxes,
menus) and one or more Submit buttons, that are
used to deliver the values of the controls to the
server. LISPWEB handles forms by extracting the
values of the controls from the header of the HTTP
request and storing them inside a Lisp data struc-
ture. The values can then be passed as arguments to
the response function or directly retrieved from the
structure slots.
A more sophisticated form of user interaction is

based on the capability to dynamically create and
modify images. Combined with the ability to han-
dle mouse clicks over images, this makes it possible
to reproduce, within the limitations imposed by the
nature of the HTTP protocol, the functionalities of
a Graphical User Interface. The server generates an
image representing the state of the interface, updates
it by interpreting HTTP requests as user actions, and
sends it back to the user as the response to the re-
quest.
The use of the LISPWEB server provides an effec-

tive solution to the usability and accessibility prob-
lems for new or existing Lisp applications, by taking
advantage of the wide diffusion and flexibility ofWeb
browsers [10]. Moreover, the server is able to com-
municate with external applications using an exten-
sion of the HTTP protocol; it can therefore become
the heart of a distributed computing environment
based on commonly available network technologies.

A WEB-BASED SYSTEM FOR
DIABETES MANAGEMENT

In this section we will describe a computer system
for the distributed management of insulin-dependent
diabetic patients. The system is composed of a set
of independent modules, that provide the different
services needed in diabetes care.

Diabetes therapy
The common therapy of insulin-dependent diabetes
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mellitus uses exogenous insulin administrations to
control the blood glucose level, trying to prevent
dangerous oscillations. The diabetic patient plays
an active role in the management of the disease,
through the self-administration of the insulin injec-
tions according to a predefined protocol (that spec-
ifies the total insulin requirement, the number of
daily injections, the insulin type and dose of each
injection). The patient is also allowed to modify the
insulin dosages in response to events such as an out-
of-bounds level of blood glucose or a change in life-
style, using simple adjustment rules provided by the
physician along with the protocol. Finally, the pa-
tient must monitor and record the values of several
physiological parameters, such as the blood glucose
level (BGL) and glycosuria. The physician regularly
evaluates the state of the patient during periodic vis-
its during which the data gathered since the last visit
are reviewed and, if needed, the therapeutic protocol
is modified.

System architecture
Computer-based systems can be usefully applied to
all the tasks that are typical of diabetes therapy.
They can assist the patient in using the dose adjust-
ment rules and in collecting and storing the mea-
sured data, thereby increasing the reliability of the
collected data and possibly performing some prelim-
inary analysis on them. They can assist the physi-
cian in the interpretation of the patient's data, and
in criticizing and revising the therapeutic protocol
through automated reasoning tools. They can han-
dle the automatic transmission of the data from the
patient's house to the clinic, thus increasing the fre-
quency and the reliability of the communication.
Many examples of the application of computer sys-

tems to diabetes therapy exist in the literature [2, 7],
although few of them were really successful. We
believe that, in order to be effective, a computer-
based system for diabetes therapy must be designed
according to the constraints imposed by the char-
acteristics of the disease and of the current thera-
peutic schemes. We have therefore defined a dis-
tributed architecture for therapy planning based on
the cooperation among a set of services that deal
with data management, information representation,
and automated reasoning [9]. The system receives
the monitoring data from a patient unit located at
the patient's house, helps the physician in analyzing
the data, and transmits the revised protocol back to
the patient unit. We now briefly outline the mod-
ules that compose the current version of the system
prototype. The LISPWEB server is used to provide
access to all the system functionalities.
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Figure 1: Protocol editing using a web-based graph-
ical user interface.

Data-base. The system stores all patient data in a
relational data-base. The relational data-base man-
agement system used in our prototype is able to
receive queries and send the results back over the
network. In this way, the data-base only acts as a
repository of information, while the other modules
take care of using such information or presenting it
to the user.

Medical knowledge editor. The system's knowledge
base comprises an explicit representation of the med-
ical entities involved in diabetes therapy, and of the
rules for abducing pathological conditions and for se-
lecting suitable actions [12]. Both the ontology and
the rules are represented through a frame system
that is interfaced with the LIsPWEB server, allow-
ing the user to inspect and modify the knowledge
base entities using a Web browser.

Data analysis tools. There are basically two types
of data analysis that the system can perform. The
first type is applied the raw data as soon as they
are collected by the patient; its goal is to identify
short-term episodes and trends that can require an
immediate adjustment to the insulin doses [3].
The second type of analysis aims at generating

high-level descriptions of the state of the patient
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over a longer time span, that can be useful to re-
vise the therapeutic protocol. In addition to the
standard statistical indicators like the blood glucose
mean value and standard deviation (that can indi-
cate an inadequate total dose or injection timing),
the system is able to generate the modal day profile
of the monitored variables [9]. The modal day rep-
resentation describes in probabilistic terms the typi-
cal behavior of the variable, taking into account the
amount of available information; it is thus suited for
use by automated reasoning procedures able to deal
with uncertainty, such as the ones described below.

Protocol editor. This tool is used to create and mod-
ify the therapeutic protocols known to the system.
The protocols contain information about the insulin
therapy (number of injections, total insulin require-
ment, etc.), the diet (amount of calories for each
meal), and the low-level control law. The new or
revised protocols are then stored in the data-base.
Figure 1 shows a snapshot of the Protocol Editor.

Automated reasoning. The system provides the
physician with a high-level reasoning module that
can assist the decision-making process. In particu-
lar, the system uses modal day information to de-
termine the time-slices where problems are most
likely to occur, and uses his knowledge on glu-
cose metabolism and insulin dynamics to suggest
modifications to the current therapeutic protocol.
The suggestions, obtained through a combination of
rule-based reasoning, uncertainty management tech-
niques, and model-based simulations, are used to
move within the space of known protocols attempt-
ing to solve the problems that were detected during
the previous phase [9]. The system also tries to min-
imize the changes to the current protocol and the
risk of adverse consequences.

An example
We will now present a brief example of how the sys-
tem might assist the physician in a protocol revision
task. We assume that the physician has connected to
the LISPWEB server using a common Web browser.
After supplying the appropriate identification infor-
mation (e.g., a password), the physician is presented
with a list of the diabetic patients being monitored,
and notices that the system signals an alarm with
respect to one of them. In particular, the analy-
sis of the most recently uploaded monitoring data
revealed three episodes of hypoglicemia during the
preceding week, of which two occurred at breakfast
time and one at dinner. The physician therefore
decides to examine the situation, and, by clicking
on the patient's name, causes the relevant histori-
cal information to be retrieved from the data-base
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Figure 2: Insulin doses histogram and a simulation
of glycemia and insulin activity profiles.

and converted into HTML form. Among other things
(e.g. sex, age, weight, diabetes onset date, current
protocol) the system displays the patient's current
protocol, consisting in two injections of a mixture of
regular and NPH (slow-acting) insulin, at breakfast
and at dinner times.
The physician then visually inspects the moni-

toring data represented in graphical form, and in-
vokes the automatic data analysis tools over the
data. Although the average BGL value is normal,
modal day analysis confirms that the probability of
hypoglicemia at breakfast is too high, while no defi-
nite conclusion can be reached regarding dinner time
due to the low amount of information available. Hav-
ing decided that the current protocol needs to be
modified, the physician requests the advice of the
decision support system.
The outcome of the consultation is a revised proto-

col in which the NPH insulin dose at dinner has been
reduced in favor of the regular insulin one, so that
the number of injections and the total daily dose
remain constant. The physician evaluates the new
protocol through simulations of the resulting insulin
activity and BGL profiles, such as the ones shown in
Figure 2, and can perform adjustments to it using
the protocol editor. When the physician finally con-
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firms the changes, the new protocol is stored back in
the data-base, to be transmitted to the patient the
next time a connection takes place. The physician
also includes a message asking the patient to provide
more information about the hypoglicemic episode at
dinner (e.g. the presence of exceptional physical ac-
tivity), in order to help with its interpretation.

Note that in the course of this process the physi-
cian was able to access all the available tools using
only a standard Web browser, instead of several dif-
ferent, specialized user interfaces.

CONCLUSIONS

The development of integrated hospital information
systems, able to provide access to clinical data, med-
ical knowledge, and decision support tools, is a long-
standing problem. The www environment can po-
tentially be very useful in this context, due to the
simplicity of the HTTP protocol, the wide availability
and ease of use of Web browsers, and the multimedia
capabilities they offer.
We believe that the www environment can be ex-

ploited not only for simple document distribution
and presentation, but also as the interface to a com-
plete distributed computing environment. Applica-
tions developed using our Common Lisp HTTP server
become "naturally" accessible over the Internet net-
work, and are not tied to ad-hoc, incompatible user
interfaces and communication protocols.
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